INTRODUCTION
The management of type 2 diabetes (T2DM) is becoming increasingly complex. Globally, around 1 in 11 people have diabetes; 90% of them have T2DM [1] . In the UK, approximately 3.7 million people have been diagnosed with diabetes as of November 2017 [2] . Initial management may involve lifestyle and dietary modifications only, but progressive intensification of pharmacological therapy-usually starting with metformin as first-line treatment-is recommended if adequate glycaemic control is not achieved [3] . Although there is growing evidence for the use of glucagon-like peptide 1 (GLP-1) analogues and sodium-glucose cotransporter-2 (SGLT-2) inhibitors in people with proven atherosclerotic disease or heart failure, in early diabetes the emphasis remains on controlling hyperglycaemia. In early disease, dipeptidyl peptidase-4 (DPP-4) inhibitors are seen as a good option after metformin in primary care as they are perceived as an oral therapy with a reassuring safety profile and with a low risk of hypoglycaemia, as well as being neutral in terms of body weight. Within the class, it has been suggested that there may be some differences in efficacy on the basis of the individual registration studies. There are no head-to-head studies; however, after adjustment for baseline glycaemic control, the impact on HbA1c was broadly consistent across the registration studies [4] [5] [6] [7] [8] , and the outcomes of the cardiovascular safety trials demonstrated very similar outcomes in people with established cardiovascular disease [9] [10] [11] . Therefore, the National Institute for Health and Clinical Excellence (NICE) guidelines state that 'recommendations should consistently refer to DPP-4 inhibitors as a class' and recommend 'that prescribers should be encouraged to select the individual DPP-4 inhibitor with the lowest acquisition cost available to them, where all other factors are equal'. However, given the inconclusive and somewhat limited evidence available at the time of guideline development, NICE considered the interchangeability of DPP-4 inhibitors to be uncertain [3] .
Some local clinical commissioning groups (CCGs) have recommended implementing a within-class therapy switch to the least costly DPP-4 inhibitor, alogliptin, in people with T2DM. Other CCGs have delayed making wholesale switches as there is some uncertainty around the interchangeability of DPP-4 inhibitors; it is unclear if people switched from one DPP-4 inhibitor to another in routine clinical practice for cost reasons maintain adequate glycaemic control. This study aimed to address this uncertainty by collecting real-world evidence regarding clinical effectiveness results of this cost-driven treatment switch.
METHODS
We performed a retrospective, observational cohort study which was based on anonymised Read code data routinely captured in primary care systems, extracted for all people with T2DM that were moved to alogliptin from an alternative DPP-4 inhibitor within six CCG localities (Newbury and District, South Reading, North and West Reading, Wokingham, Great Yarmouth and Waverley, and Mid Essex). Switch programs to alogliptin from alternative DPP-4 inhibitors at the discretion of the individual general practitioner took place in all these CCG areas. Anonymised data was extracted from the Electronic Care Leading to Improved Patient Safety and Empowerment (ECLIPSE) computer system which accesses individual patient records, provides prescribers with prescribing safety alerts, information on cost and availability of medications and cost of referrals to secondary care specialists, as well as data pertaining to hospital admissions and outpatient visits. This analysis was performed with the approval of the Caldicott Guardians from the respective CCGs, the UK Confidentiality Advisory Group and the South West Regional Ethics Committee (approval number 17/SW/001) in accordance with the principles of the Helsinki Declaration of 1964 and its further amendments.
Eligibility
Adults (aged C 18 years) with diabetes and a complete set of baseline characteristics recorded in the database that were switched to alogliptin within the licensed indication [8] , from an alternative DPP-4 inhibitor and had at least one HbA1c value prior to the switch (index date) and one post-index HbA1c recorded, with the post-index HbA1c assessment taking place at least 76 days (2.5 months) post index-date, were eligible for inclusion. People switched from existing DPP-4 inhibitor monotherapy were excluded from the main analyses reported in this paper, since alogliptin is not licensed for use as monotherapy in the UK.
Primary Endpoint
The primary objective of this study was to retrospectively estimate the clinical impact of switching people with T2DM from their current DPP-4 inhibitor to alogliptin based on two coprimary endpoints: (1) change from pre-to post-switch HbA1c level and (2) deviation of post-switch HbA1c from HbA1c trajectory, where projected HbA1c was derived from a statistical model including more than one assessment of pre-switch HbA1c (in order to generate a trajectory) and control covariates.
To maximise the number of people eligible, the first available post-index reading taken at least 76 days after the switch to alogliptin was used. For the HbA1c trajectory analysis, at least two HbA1c records during the pre-index period were required, with the first result at least 90 days after the original DPP-4 inhibitor initiation and a later result at least 60 days after the first result, to allow a reasonable estimate of preindex HbA1c trajectory.
Secondary Endpoints
If the primary analysis demonstrated that the switch to alogliptin was not associated with a detrimental shift in glycaemic control, we would then go on to determine the persistence of alogliptin therapy at 6 months, the proportion of people switched back to an alternative DPP-4 inhibitor within 6 months, and the percentage of switched people who received further intensification of their diabetes therapy within 6 months of the switch. Finally, we would perform a cost-effectiveness analysis to determine the potential impact of the switch on drug acquisition cost compared to the potential cost of facilitating the switch.
Sensitivity Analysis
A sensitivity analysis was performed, excluding people with very poor glycaemic control, evidenced by their last pre-switch HbA1c reading (collected within 90 days of the switch) exceeding 9% (75 mmol/mol) or 10% (86 mmol/mol). All other aspects remained the same as for the main analysis. Finally, an analysis would be performed stratified by baseline HbA1c in 0.5% (5.5 mmol/mol) silos.
Statistical Analysis
Outcomes of interest were evaluated using descriptive statistics, including mean, standard deviation (SD), median, interquartile range (IQR), minimum and maximum, 95% confidence interval (CI) and frequency of missing data for continuous variables, and frequency and percentage of the sample population for categorical variables. All statistical analyses were performed using R version 3.4.2.
Differences between pre-and post-index HbA1c measurements were compared using a paired t test. Adjustments were made for CCG locality, patient age and gender. A generalised linear mixed effects model was used to assess changes in HbA1c trajectory as a function of switching to alogliptin (second co-primary outcome), with HbA1c level as the dependent variable, time (split into pre-and post-index periods) as a fixed effects variable and CCG as a random effects variable. Baseline characteristics were assessed as potential explanatory variables. An interaction term between period (pre-vs post-index) and any change in concomitant therapy was assessed. Data are presented as coefficient estimates and their associated 95% CIs.
RESULTS
Data were extracted for 1085 people with diabetes who had undergone a switch from another DPP-4 inhibitor to alogliptin, within its licensed indication. Of these, 220 did not have appropriate HbA1c results available either prior to or within 6 months after the switch; therefore it was not possible to include these people in the primary analysis. The characteristics at the index point (day of switch) of the remaining 865 (63.7% male) are shown in Table 1 . They were a typical primary care population with T2DM, with a mean HbA1c of 68.8 mmol/mol (8.44%), blood pressure of 133/74 and total cholesterol of 4.1 mmol/L. Concomitant medication use was predominantly with metformin (39.08%), sulphonylurea (13.41%) or a combination of the two (45.43%). As expected, a minority had proven atherosclerotic disease (0.2% with cardiovascular disease, 3.1% with peripheral vascular disease and 6.0% with prior stroke). The switch to alogliptin did not have any material impact on HbA1c with the postswitch mean value being 68.6 mmol/mol (8.42%). Data on prior DPP-4 inhibitor therapy was available for 684 of 865 people (79.08%). Time elapsed between the final prescription of the pre-switch DPP-4 inhibitor and index date varied substantially between people (median 63 days, IQR 30-272 days, min 1 day, max 2294 days), suggesting significant non-adherence. We therefore restricted this analysis to those who had a pre-switch DPP-4 inhibitor prescribed within 90 days prior to switch to alogliptin (n = 386). Among these patients, HbA1c did not change significantly following the switch [0.10% (95% CI -0.03 to 0.23), p = 0.14; Fig. 1 ]. Neither previous DPP-4 inhibitor prescription nor concomitant medication use had any clinically relevant impact on the effect of the switch to alogliptin on glycaemic control.
For the co-primary outcome examining the impact of the switch on the trajectory of HbA1c, sufficient HbA1c values were available for 319 people, with the principle reason for non-inclusion being an absence of two HbA1c values at least 60 days apart prior to the switch. There were no significant or clinically relevant differences between those included in this analysis and those included in the primary endpoint analysis (n = 865) (Supplementary Table 1 ). When the trajectory models were generated, significant predictors of a steeper (rising) HbA1c trajectory were rising eGFR (p = 0.006), rising total cholesterol (p \ 0.0001) and increasing number of diabetes therapies (p \ 0.0001). Total number of non-diabetes medications did not have any impact on the trajectory of glycaemic control. Interestingly history of a recent stroke was associated with an improving HbA1c (p = 0.008), but this was not replicated with peripheral vascular disease, cardiovascular disease, nephropathy or retinopathy. Performing a switch to alogliptin had no significant impact on the trajectory of HbA1c, with the actual mean value at 3 months being 8.33% vs projected HbA1c of 8.31%.
Sensitivity Analyses
Excluding participants with a baseline HbA1c above 9% and above 10% (in whom it may have been more appropriate to escalate therapy rather than performing a simple switch) made little difference to the change in HbA1c after the switch [-0.02% (95% CI -0.10 to 0.10%] and 0.07% [-0.03 to 0.17%] for baseline of B 10% and B 9%, respectively).
When the impact of switch stratified by baseline HbA1c was explored, there was a trend that those who started with the best glycaemic control had a modest deterioration in control, whereas those with the poorest control saw a small improvement in control (Fig. 2) . This interaction, however, did not reach statistical significance.
Secondary Analyses
Out of 865 people in the primary analysis, 705 (80.76%) continued alogliptin treatment at 6 months following the switch from another DPP-4 inhibitor. There was a preponderance of men who persisted on alogliptin (83.7% vs 75.6% for male vs female, respectively). Otherwise there were no identified predictors of those most likely to persist on alogliptin to 6 months. Of the 168 who discontinued alogliptin over the first 6 months, the majority (n = 132; 78.6%) were not switched to another DPP-4 inhibitor. Of the 705 who remained on alogliptin, 32 people had additional non-DPP-4 inhibitor therapy added. The most common additions were sulphonylurea (n = 8 people with diabetes), SGLT-2 inhibitors (n = 8) and metformin (n = 7).
When the financial impact of switching to alogliptin was considered, sufficient details regarding prescriptions before and after switch were available for 349 people. These were predominantly switched from sitagliptin. The total saving in acquisition costs over 6 months was £15,005.76, based on acquisition costs stated in the British National Formulary (BNF) [12] , representing a 19.9% saving in total prescribing 
DISCUSSION
We have explored for the first time the impact of a within-class drug switch program in diabetes, designed to reduce prescribing costs and undertaken in a real-world setting. We demonstrated that glycaemic control did not alter significantly either in absolute terms or from anticipated trajectory as a result of switching from other DPP-4 inhibitors to alogliptin; however, this switch is associated with a reduction in drug acquisition cost of approximately 20%. The majority (80%) of people persisted on alogliptin for at least 6 months and few of these people received further diabetes therapies, suggesting that the switch to alogliptin rarely prompted further therapy change or intensification. Among people who did not maintain the switch to alogliptin, the majority discontinued DPP-4 inhibitors altogether, suggesting that the prescribing physicians rarely considered costlier DPP-4 inhibitors to be more appropriate treatment options than alogliptin. Similar results were obtained in a sensitivity analysis excluding people with very poor glycaemic control (i.e. those with an HbA1c reading [ 9% or [ 10% within 90 days prior to , where no statistically significant or clinically meaningful change in HbA1c level following treatment switch was observed. Projected HBA1c trajectory was significantly affected by people's renal function, total cholesterol level, history of stroke and the number of diabetes therapies prescribed. As may be anticipated, predicted HbA1c was positively associated with renal function (higher eGFR), high total cholesterol levels (a measure of adherence to statin therapy) and a higher number of diabetes therapies. Paradoxically, however, predicted HbA1c was lower in people with a history of stroke, potentially representing the impact of the complications of diabetes on adherence to therapies.
On the basis of previous studies, baseline HbA1c (supplemented by fasting plasma glucose level), and not the type of DPP-4 inhibitor used, is the strongest predictor of response to DPP-4 inhibitor [13, 14] . The sequential introduction of DPP-4 inhibitors, on a background of the greater understanding of the impact of adverse glycaemic legacy, resulted in the progressive improvement of background glycaemic control over time, with the baseline HbA1c in the first regulatory study being 8.7% for vildagliptin add-on to metformin, whereas baseline HbA1c levels in subsequent studies were reduced to 8.2% for saxagliptin, 8.1% for sitagliptin and 7.9% for alogliptin. As a result the potential for reduction in glycaemia was evidently reduced with progressive molecule introductions. The paucity of head-to-head trials comparing different DPP-4 inhibitors makes real-world studies that address the issue of their interchangeability particularly valuable. The present study suggests that in routine UK practice, the DPP-4 inhibitor alogliptin is indeed interchangeable with other DPP-4 inhibitors. This finding is in line with the conclusions of a systematic review and network meta-analysis which showed similar efficacy and safety across the DPP-4 inhibitor class [15] .
The sensitivity analysis suggested that pretreatment HbA1c predicted response to the Fig. 2 Change in HbA1c following the switch to alogliptin by baseline HbA1c level. Bullets represent mean HbA1c levels; the size of the bullets corresponds to the size of each patient group. HbA1c glycated haemoglobin alogliptin switch, with people experiencing a post-switch decrease in HbA1c having higher baseline HbA1c levels. This may, in part, have been due to people with poor adherence (and thus higher HbA1c) having their motivation to engage with their therapy improved by the active switch from previous DPP-4 inhibitor to the new agent. Indeed, the engagement itself may have improved therapeutic adherence. However, for those at ideal glycaemic control (HbA1c B 53 mmol/mol) the switch to alogliptin was associated with a (non-significant) marginal increase in HbA1c. This suggests that while people not at target are not adversely affected, indeed may benefit from, the process of switching to alogliptin, those at optimal control do not benefit, indeed may be adversely affected by the switch. In terms of economic impact, the switch to alogliptin provided a median cost saving of £7.24 per person per month in those individuals that had collected prescriptions within the 3 months prior to the switch.
Study Limitations
Based on a large sample of people treated in UK primary care, this study provides real-world evidence on the interchangeability of alogliptin with other DPP-4 inhibitors. However, limitations of the study include a relatively short follow-up (median of 251 days for most analyses) that may have been insufficient to capture the need for therapy escalation in all people. Further, the impacts of different treatment doses were not investigated. We do not believe that this represents a significant limitation, however, since DPP-4 inhibitors (as a class) do not require upwards dose titration, rather they are initiated at optimal dose, then require dose or frequency reduction in those with renal impairment (with the exception of linagliptin).
CONCLUSIONS
We have demonstrated, for the first time, that the in-class switch from other DPP-4 inhibitors to alogliptin did not compromise clinical outcomes and was generally well tolerated, but potentially reduced DPP-4 inhibitor acquisition costs by approximately 20%. Results from this study suggest that alogliptin is clinically interchangeable with other DPP-4 inhibitors and economically favourable, providing similar glycaemic control at a reduced cost.
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